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Abstract: The elucidation of wheat-quality genetics may be seen metaphorically as a road 
map to greater knowledge, and also as an interlocking jigsaw puzzle. Major genes relevant to 
the attributes needed for wheat-processing quality have been identified, namely, protein 
content, grain hardness, milling yield, dough strength, dough extensibility, baking quality, 
starch-paste viscosity and nutritional value. 
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The quality of wheat-based products depends on the quality of the grain from which the 
products have been made (Miskelly, 2017). Contributing factors are the interactions of 
genotype (G, variety) and growth environment (E), plus the effectiveness of the subsequent 
processing (P), summarised overall by G x E x P. The contribution of each factor may be 
major or minor, i.e., G or g, respectively, for the effect of growth environment. Eventual 
grain quality (the phenotype) for wheat-based products requires specific combinations of 
attributes: protein content (involving g x E control), grain hardness (with G x e control), 
milling yield (G x e x p control), dough strength (G x e control), dough extensibility (G x e 
control), baking quality (G x e x P control), starch-paste viscosity (G x e control) and 
nutritional value (Howett and Miskelly, 2017; Nirmal, 2016). These attributes are listed 
across the bottom of Figure 1. Although already complex, the figure still does not include 
lipids or fibre.  
 
The selection of genotypes with the appropriate combination of these attributes is most 
effective in breeding if a major gene can be identified that controls each attribute. Possession 
of that knowledge permits the breeder, early in the selection process, to discard lines that are 
unlikely to provide the desired grain-quality phenotype (depending on the subsequent 
contributions of growth and processing conditions). A research aim of the past few decades 
has been to identify the major genes responsible for these attributes. Advanced understanding 
and prediction of dough properties (strength and extensibility) are now available based on the 
alleles for glutenin subunits (both Glu-1 and Glu-3) (e.g., Bekes and Wrigley, 2013). Alleles 
relevant to cereal starch-paste viscosity have also been recognised (e.g., Luo et al., 2015; 
Howett and Miskelly, 2017). However, the genes regulating other attributes in Figure 1 have 
been more difficult to identify. 
 
Recent advances in DNA-sequencing technology have provided a new technology platform 
for cereal research (Henry, 2014). Research can now focus on extensive analysis of very large 
data sets rather than the now highly automated data collection (Rossetto and Henry, 2014). In 
particular, the study of transcriptomics permits the identification of the actual genes that are 
functional during grain filling, thereby focusing attention on the alleles that matter, in 
contrast to traditional correlation studies for which cause-and-effect conclusions have been 
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problematic. Using transcript profiling, a gene (wbm) encoding a small sulphur-protein, 
named the ‘bread gene’, has been found associated with bread quality (Furtado et al., 2015). 
Alleles of the pin genes have consistently been associated with genetic variation in grain 
hardness (Morris, 2002) but transcriptomic analyses have shown grain hardness to be 
associated more with the levels of expression of the pin genes than their amino-acid 
sequences (Nirmal et al., 2016). The quantitative nature of the genetics of milling quality 
(flour yield) has previously been considered to make it unsuitable for any attempt to seek 
major controlling genes, but transcriptomic research has identified a gene family responsible 
for much of the variation in milling quality within the wheat gene pool (Nirmal et al., 2017). 
The fascilin-like arabinogalactan proteins, a group of cell adhesion proteins, have been down 
regulated by human selection for flour yield. 
 
New insights into novel biochemical pathways in the grain provide enhanced understandings 
of the determinants of grain composition in the bran (Rangan et al., 2016).  A study (Rangan 
et al., 2017) of the expression of genes in more than 30 diverse wheat genotypes at mid and 
late grain development will provide a key platform for identification of the basis of molecular 
variation in wheat quality allowing researchers to link quality attributes to genetic control of 
metabolite and protein levels. 
 
The elucidation of wheat-quality genetics may be seen metaphorically as a road map to 
greater knowledge, and also as an interlocking jigsaw puzzle (Figure 1). The latter metaphor 
emphasises the interactive nature of the many components at the levels of allele (at top) 
through the synthetic steps to the functional proteins and enzymes that contribute to the 
functional phenotype.  
 
Of the eight key grain-quality attributes listed above, protein content in particular remains to 
be described clearly in genetic terms that would permit the inclusion of a major allele in the 
top row of Figure 1. However, it has been established that genes can be accumulated for both 
high and low protein content expression in elite wheat gene pools.  
 
New understandings of the molecular basis of quality and protein composition may permit 
changes to be made in the balance between protein content and protein quality. The need for 
more effective gluten quality may become important as grain-protein levels decline due to the 
‘carbon-fertiliser’ effect of more carbon dioxide in the earth’s atmosphere.  
 
Nevertheless, we can claim that critical alleles have been identified which provide a potential 
genetic road map for improving wheat-processing quality and which provide promising 
avenues for follow-up research and renewed assistance in the breeding and selection of wheat 
genotypes suited to specific end-use requirements and environments (Henry et al., 2016). 
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Figure legend: 
Figure 1. The jigsaw metaphor emphases the interconnections between grain-quality 
attributes, and their basis in the relevant proteins, polypeptides and functional genes 
responsible. Adapted from Nirmal (2016). 
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